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(54) Vehicle antenna system 

(57) A high-frequency vehicle patch antenna (21) 
such as for GPS or cellular communication systems is 
mounted close to the conductive roof panel (11) on an 
interior surface of the vehicle windshield (18) or back- 
glass. Low impedance coupling (61) to the roof panel 
(1 1) is employed to alter the focus and gain characteris- 


tics of the antenna (21) such that maximum antenna 
gain is more closely aligned to zenith, and gain improve- 
ments in the general direction over the roof panel (11) 
and improved omni-directionality result. 


Fig .2 
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Description 

TECHNICAL FIELD 

IO0O1 ] The present invention is related to patch anten- 
nas. 

BACKGROUND OF THE INVENTION 

[0002] The Global Positioning System, or GPS. 
includes a plurality of non-geosynchronous earth-orbit- 
ing satellites which transmit signals in the microwave 
frequency band for reception by earth-based land, sea 
or air antennas. The various received satellite signals 
are processed to discern the position of the receiving 
antenna, generally associated with a vehicle, for gen- 
eral navigational use. 

[0003] Consistent with the generally accepted objec- 
tive of providing omni-directional reception capability of 
the vehicle receiving the GPS signals, the desired max- 
imum gain of the antenna system is substantially 
zenithal. Such arrangement provides for substantially 
azimuthally symmetrical reception advantageously 
allowing for receiving signals from widely separated sat- 
ellites which signals provide optimal positional resolu- 
tion. 

[0004] A prefered antenna for such applications is 
known as a patch antenna and essentially includes a 
tuned resonant structure comprising a dual-faced pla- 
nar ceramic substrate with a thin metallic patch dis- 
posed on one fece and a grounding conductor disposed 
on the opposite face. The patch antenna is convention- 
ally utilized in conjD'nction with'' ^n li3ftg'htJ^*gfotSna' 
plane structure which is coupled to the grounding con- 
ductor and effective to reduce detrimental external influ- 
ences on the antenna and maintain the radiation pattern 
substantially normal to the substrate regardless of sur- 
rourKling structures. Known varieties of such extended 
ground planes include package integrated extended 
ground planes which increase package size of the 
antenna assembly and external extended ground 
planes such as the exterior surface of a substantially 
horizontal vehicle panel. As can be appreciated from 
the description, an external extended ground plane 
antenna assembly requires exposed exterior placement 
on a vehicle which, among other concerns, is aestheti- 
cally unacceptable for passenger car applications. A 
package integrated extended ground plane antenna 
assembly, while operative autonomously with respect to 
exterior vehicle panels and substantially unaffected by 
proximal placement with respect thereto, still suffers 
from certain trade-offs in the application to passenger 
car vehicles. For example, optimal azimuthally symmet- 
rical performance dictates that unobstructed roof-top 
placement be employed. This option, as mentioned, is 
aesthetically and othenvise unacceptable in passenger 
car applications. Placement immediately adjacent the 
interior surface of the windshieM or backlight glass also 


has been proposed but fails acceptance for reasons of 
(a) visual obstruction from relatively large packaging 
footprint and (b) sutjstantial signal attenuation in the 
direction over the vehicle roof panel due to the maxi- 

5 mum gain focus being oppositely oriented in accord- 
ance with the rake of the glass and direct obstruction of 
the signal by the roof panel at acute reception angles 
relative to the horizon. Integration of a package inte- 
grated extended ground plane antenna assembly 

w beneath the rear package shelf and vertically below the 
vehicle backglass has also been explored but also suf- 
fers from direct obstruction of the signal by the roof 
panel. 

[0005] Patch antennas without extended ground 

IS planes have been proposed for glciss mount automotive 
application. Such antennas, however, are generally det- 
rimentally sensitive to proximal placement to the vehicle 
sheet metal. Hence, proper operation is limited to sub- 
stantially central placement on the windshield or back- 

20 glass which is unacceptably within the field of vision of 
the vehicle operator. Movement closer to the roof panel, 
hood, or deck lid signif icantiy and detrimentally detunes 
the antenna from the desired center frequency, changes 
the gain characteristics and shifts the radiation pattern. 

25 Additionally, as previously demonstrated with respect to 
glass mounted arrangements, substantial signal attenu- 
ation in the direction over the vehicle roof panel and 
direct ot)struction of the signal by the roof panel at acute 
reception angles relative to the horizon remain short- 

30 falls. 

SUMMARY OF THE INVENTION 


[0006] In a motor vehicle having an electrically con- 

35 ductive roof panel and a glass panel such as a wind- 
shield or backlight, a patch antenna provides for 
substantially omni-directional reception without cumber- 
some packaging constraints resulting from extended 
ground planes. A patch antenna is secured to an interior 

40 surface of the glass panel adjacent tiie roof panel off the 
vehicle. The patch antenna includes a grounding con- 
ductor on the back side of the antenna's high dielectric 
subsh^ate. A low impedance coupling between the 
grounding conductor and the roof panel is provided. The 

45 focus of the antenna is altered and antenna gain is 
increased in tiie general direction over the roof panel 
resulting in improved antenna reception performance. 
[0007] In accordance with one aspect of the invention, 
the low impedance coupling is provided by a thin strip of 

so conductive material. The conductive strip is coupled - 
such as by soldering - to the grounding .conductor and 
through a low irnpedance capacltive coupling to the roof 
panel. The capacitive coupling with the roof panel may 
be provided by a portion of the sti-ip having substantial 

55 surface area secured to the undei'side of the roof panel 
by adhesive. 

[0008] Minimization of undesirable tuning effects may 
be accomplished t>y controlling the dimensions of the 
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portion of the conductive strip between the coupling to 
the grounding conductor and the first point of capacitive 
coupling to the roof panel. Preferably, the length of this 
portion of the conductive strip does not exceed approx- 
imately one-eighth of the wavelength of the desired fre- 
quency signal to be detected. Further, the width of this 
portion of the conductive strip is no less than one-eighth 
of the wavelength of the desired frequency signal to be 
detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention will now be described by 
way of example with reference to the accompanying 
drawings in which: 

Figure 1 shows comparative polar plots of antenna 
gains from front to back over a vehicle illustrative of 
the performance advantage of the present inven- 
tion; 

Figure 2 shows a side view of a typical vehicle, pre- 
ferred antenna installation location, and antenna 
focus characteristics illustrative of the performance 
advantage of the present invention; 
Figure 3 is an overhead view of a typical vehicle 
showing a preferred antenna installation location in 
accordance with the present invention; 
Figure 4 shows a sectional view of an antenna arKi 
portion of a vehicle taken along line 4-4 of figure 3; 
and, 

Figure 5 illustrated certain preferred relationships 
among an antenna and vehicle in accordance with 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

1001 0] With reference first to figure 2, a vehici e shown 
in side view is labeled with the reference numeral 10 
and includes a windshield 18 having an exemplary rake 
angle of substantially 25 degrees relative to horizontal. 
Generally, passenger automobile windshield rake 
angles are between 20 and 45 degrees though the spe- 
cific rake angle poses no limitation to the applicability of 
the present invention. The vehicle 10 also includes a 
roof panel 1 1 . the frontal portion of which is immediately 
adjacent the windshield 18. A patch antenna in accord- 
ance with the present invention is generally labeled 21 
and is mounted to the inner surface of the windshield in 
spaced adjacency to the edge of the roof line. 
[0011] The vector with broken lead line labeled 16 in 
figure 2 corresponds to the generally accepted pre- 
ferred maximum gain direction, also referred to as 
antenna focus, which is substantially zenithal with 
respect to the patch antenna. The vector with solid lead 
line labeled 1 9 is substantially normal to the plane of the 
patch antenna 21 which has a 25 degree attitude in sub- 
stantial conformance to that of the windshield glass sur- 
face to which it is secured. The vector with solid lead 


4 

line labeled 19 represents the antenna focus absent any 
effects of the proximal roofline and the present inven- 
tion. The broken circle labeled 13 in the figure is a rela- 
tive two-dimensional representation of the radiation 

5 pattern of the patch antenna 21 absent any effects of 
the proximal roofline and the present invention. The 
vector with solid lead line labeled 17 represents the 
antenna focus in accordance with the present invention. 
The larger circle labeled 15 in the figure is a relative 

10 two-dimensional representation of the radiation pattern 
of the patch antennas 21 in accordance with the present 
invention. 

[001 2] With reference additionally to figure 1 , a com- 
parative plot of antenna gain vs. two-dimensional recep- 

15 tion angle swept aaoss the top of the vehicle in the 
plane normal to the earth and from back to front of the 
vehicle illustrates the general improvement in perform- 
ance of the patch antenna in accordance with the 
present invention over a similarly placed patch antenna 

20 void of the present invention. The origin of the plot is 
substantially the center point of the vehicle roof 1 1 and 
hence is offset from the location of the patch antenna as 
illustrated in figure 2. The angular divisions correspond 
to the angular direction of measurement while the radial 

25 divisions correspond to the antenna gain in 5dB incre- 
ments. Empirically collected performance data for a 
patch antenna being mounted as generally described 
with and without the benefit of the present invention 
supports the focal shift of the antenna from substantially 

30 along the vector labeled 1 9 at 65 degrees from horizon- 
tal to suljstantially along the vector labeled 17 at 105 
degrees, from horizontal or substantially 15 degrees 
rearward of the optimal zenithal vector labeled 16 as 
schematically depicted in figure 2. Data plotted as the 

35 Ixoken line trace labeled 3 corresponds to a patch 
antenna without the features of the present invention 
and the data plotted as the solid line labeled 5 in the fig- 
ure corresponds to a patch antenna with the features of 
the present invention. As graphically depicted in the plot 

40 of figure 1 , it can be seen that from 0 degrees to approx- 
imately 60 degrees relative to the frontal horizon of the 
vehicle the difference in antenna gain is generally less 
than 2dB in favor of the patch antenna employing the 
present invention. The advantageous gain and focusing 

45 benefits of the present invention are more prevalent as 
the reception angle increases beyond approximately 60 
degrees and are most acute on the back side of the 
zenithal vector toward the rear of the vehicle where the 
gain is typically improved by 5dB or almost fourfold. 

50 With each dB of improved gain, the reception signal to 
noise ratio improves by a factor of substantially 1 .4 or by 
about a factor of 7 with a SdB gain improvement. 
[0013] In accordance with the present invention, an 
overhead view of a vehicle 10 is illustrated in figure 3 

55 showing a preferred arrangement of an antenna in 
- accordance with the present invention. Patch antenna 
21 is shown installed to the inner surface of vehicle 
windshield 18 substantially adjacent the roof panel 11. 
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A grounding strip 61 is shown extending generally from 
the patch antenna 21 rearward in the vehicle beneath 
the roof panel. Alternatively, the patch antenna 21 and 
grounding strip 61 may be secured to the vehicle back- 
light glass in the same relative substantially adjacent 5 
orientation with the roof panel. 

[0014] With reference to figure 4, a sectional view 
through the patch antenna 21 and surrounding portions 
of the vehicle taken along the section line labeled 4-4 in 
figure 3 is described. Various features of the patch 10 
antenna and surrounding features, particularly with 
respect to thicknesses and separations, may be exag- 
gerated in the sectional figure for clarity. Antenna 21 
includes a ceramic or other appropriate high-dielectric, 
two-sided. sut)stantially planar substrate 47. The upper 15 
surface of the substrate 47 has bonded thereto a con- 
ductive layer 45. typically a copper layer 45. The oppo- 
site lower surface of the substrate similarly has bonded 
thereto a conductive layer or grounding conductor 44 
which may be a copper layer. The conductive layers so 
may be micro-deposited onto the sidsstrate sur^ces 
through a variety of metallization processes or may 
comprise thin films applied to the substrate surfaces. 
Immediately adjacent the grounding conductor 44 and 
electrically coupled thereto is conductive amplifier ss 
shield 43 which surrounds and encloses signal condi- 
tioning and radio frequency amplification circuitry (not 
shown). The shield 43 is preferably formed from mate- 
rial compatible with its interface with the grounding con- 
ductor. In the present exemplary embodiment, brass is 30 
the prefen-ed material for the shield 43. The enclosed 
circuitry is input coupled to the patch antenna by appro- 
priate means sDch'as" a weir Known pin*^rr3hgemiBht 
coupled at one end to the conductive layer 45 and 
passed through an aperture in the substrate and 35 
grounding conductor to terminate at an opposite end to 
the circuit input. The ground conductor coupling to the 
circuit is accomplished in the area of the aperture 
through which such pin passes. Shielded co-axial cat)le 
49 is coupled to the circuit output for transmission of the 40 
amplified signal to a remote processing unit. The shield 
43 is preferably soldered or spot welded around the 
perimeter in contact with the grounding conductor 44. 
[001 53 Grounding strip 61 comprising a thin-film, duc- 
tile conductor is coupled to the grounding conductor 45 
directly or indirectly through the shield 43. The ground- 
ing strip is desirably characterized by low impedance 
characteristics relative to the characteristic antenna 
imp>edance in order that the overall antenna impedance 
as seen by the signal conditioning and radio frequency so 
amplification circuitry is not significantly altered. Typical 
patch antenna impedance is substantially 50 ohms and 
hence most conductive materials will provide suitably 
low ohmic impedance for the antenna system described 
herein. Preferably, the grounding conductor is also rela- 55 
tlvely corrosion resistant and non-reacbVe so as to not 
significantly oxidize through exposure to the atmos- 
phere or galvanically react with other contacting metals 


including the shield 43 and roof panel 11. Sliver clad 
copper is one satisfactory construct for the grounding 
strip having superior non-reactive and ohmic imped- 
ance characteristics; however, a brass construct also 
performs satisfactorily at lower cost. In the illustrated 
embodiment, the grounding strip 61 overlays an 
exposed portion of the grounding conductor 44 and is 
soldered to the base of the shield 43. A non-conductive 
case 41 encloses the entire assembly and provides 
passages for the co-axral cable 49 and grounding strip 
61. The case 41 is shown secured to the inner surface 
of the windshiefcl 18 by an adhesive patch 42. 
[0016] With reference now additionally to figure 5, 
grounding strip 61 extends from the patch antenna 21 to 
the roof panel 1 1 of the vehicle 10. The grounding strip 
61 includes a portion 61 B which is preferably capaci- 
tively (AC) coupled to the roof panel 1 1 to provide low 
impedance coupling thereto. Alternatively, the ground- 
ing strip may be ohmically (DC) coupled to the roof 
panel such as by spot weteling though at the expense of 
cost and assembly tradeoffs. The grounding strip cou- 
pling to the roof panel is desirably characterized by low 
impedance characteristics relative to the characteristic 
antenna impedance in order that the overall antenna 
impedance as seen by the signal conditioning and radio 
frequency amplification circuitry is not significantly 
altered. This of course requires knowledge about the 
specific desired antenna frequency sensitivity in the 
case of capacitive coupling as will be later described. 
[0017] The surface of the grounding strip facing the 
roof panel is coated with a thin adhesive such as is 
obtainable by spray application. The desirability of thin 
adhesiveris diredtly rel^'^-^to'the'eff^nh^l^raticih"' 
distance between the grounding strip and roof panel 
has on the capacitive coupling characteristics and 
hence grounding strip area required to meet low imped- 
ance objectives. Such spray applied adhesives are gen- 
erally well known and may be controllably applied in 
thicknesses on the order of magnitude of hundredths of 
millimeters. An exemplary target capacitive reactance of 
less than one ohm at the central antenna frequency pro- 
vides satisfactory performance. This being the case, for 
an exemplary central frequency of substantially 1.575 
Gigahertz - commercial GPS band designated for non- 
military use - a grounding strip having approximately 6.5 
cm^ of surface adhesively bonded to the roof panel pro- 
vides substantially 300 picofarads of capacitance and a 
coupling impedance of substantially 0.34 ohms capaci- 
tive reactance for a typical adhesive thickness of 
approximately 5.7x1 0'^ millimeters. Generally, it may be 
desirable to oversize the grounding strip in the contact 
area to ensure that sufficient capacitance will be pro- 
vided in the event that adhesive application process has 
substantial thickness variance. 

[0018] Another portion of the grounding strip 61 is 
designated 61 A and generally comprises the portion of 
the strip from the attachment to the grounding conduc- 
tor to the first point of low impedance coupling to the 
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roof panel. The grounding strip portion 61 A is also 
desirably characterized by low impedance characteris- 
tics relative to the characteristic antenna impedance in 
order that the overall antenna impedance as seen by 
the signal conditioning and radio frequency amplifica- 
tion circuitry is not significantly altered. While material 
choice affects the ohmic impedance to a great degree, 
the geometry of the portion 61 greatly affects the reac- 
tive impedance thereof. 

[001 9) This portion 61 A has a separation dimension 
labeled X which is preferably minimized. The dimen- 
sion 'X' corresponds substantially to the distance 
between attachment to the grounding conductor to the 
first point of low capacitive reactance with the roof panel 
and effectively provides a transmission line between the 
patch antenna and the capadtively coupled roof panel. 
Any conductor, and in this case transmission line length 
X. will have a reactive impedance associated therewith 
directly related to the length and width of the transmis- 
sion line and the signal frequency. It is preferred then 
that the transmission line length 'X' be no larger than 
one-eighth of the wavelength of the central antenna fre- 
quency since larger wavelength fractional distances will 
result in more than linear increases in the inductive 
reactance and hence unacceptably high impedance. 
Additionally, the width of the transmission line 'Y' is 
desirably also no less than one-eighth of the wavelength 
of the central antenna frequency for the same reason. 
Though illustrated rectangularly, the grounding strip 61 
may take other shapes such as, for example, having a 
spreading transmission line region from the patch 
antenna to the vehicle roof panel as outlined by the 
phantom line labeled 68. Generally, it is preferable to 
avoid sharp transitions anywhere along the grounding 
strip since it is known that such transitions may undesir- 
ably cause resonant tuning effects. 
[0020] In the present exemplary embodiment, a patch 
antenna as generally described having a grounding 
strip being capadtively coupled to a vehicle roof panel 
via low impedance interface would preferably have a 
transmission line portion 61 A no greater than one- 
eighth of the central frequency wavelength. In the case 
of a 1 .575 Gigahertz central frequency - corresponding 
to a 0.19 m wavelength - a separation of substantially no 
more than 2.4 cm or approximately one inch is advisa- 
ble. 

[0021] The present invention is relatively easy to 
install either in the assembly plant or in the field as an 
aftermarket addition. A preferred antenna comprises a 
double-faced adhesive pad 42 adhered on one side to 
the upper surface of the non-conductive case 41 and a 
protective peei-back paper on the other side. Also, the 
grounding strip 61 of a preferred antenna has a pre- 
applied adhesive 69 on the side thereof intended for 
adhesion to the roof panel. The adhesive layer 69 on the 
grounding strip is similarly protected by a protective 
peel-back paper. The assembler will preferably remove 
the protective paper from the doitole-faced adhesive 


pad 42 and firmly press the assembly against the vehi- 
de windshield or backlight at an appropriate location on 
the inner surface of the glass which allows for the first 
point of contact of the grounding strip to vehicle roof to 

5 be as small as practical and preferably no more than 
one-eighth of a wavelength of the central frequency The 
assembler next removes the protective paper from the 
adhesive backed grounding strip to expose the adhe- 
sive. The grounding strip is then applied to the roof 

70 panel from the points dosest the antenna outward 
toward the end of the grounding strip. The grounding 
strip may then be smoothed for conformance to the roof 
using the hand, an appropriately sized roller or other 
means. Assembly in the assembly plant may be per- 

15 formed prior to installation of certain interior trim "com- 
ponents such as the vehicle headliner and reveal 
moldings, while aftermarket assembly may require full 
or partial removal of such trim components to gain 
access and clearance during installation. 

20 [0022] The previously descrikjed embodiment has 
been disclosed with respect to a certain GPS band fre- 
quency It is to be understood that the antenna system 
disclosed herein may be adapted for other frequencies 
and vehicular communication systems, such as cellular 

25 communication systems. 

[0023] The present invention has been described with 
respect to preferred features and embodiment. Certain 
alternative features and embodiments may be apparent 
to those having ordinary skill in the art. The features and 

30 embodiments disclosed herein are understood to be 
offered by way of non-limiting examples and practical 
implementations of the invention which scope is limited 
only by the claims as appended hereto. 


35 Claims 

1. An antenna system for a motor vehicle (10) having 
a substantially horizontal roof panel formed from an 
electrically conductive material and a glass panel 

40 raked down and away from the roof panel, compris- 
ing: 

a patch antenna (21) including a grounding 
conductor (44) and having a characteristic 

45 antenna impedance, said antenna (21) being 

fixed to an inner surface of the glass panel (18) 
adjacent to the roof panel (11); and . 
a low impedance coupling (61). relative to the 
antenna impedance, between the grounding 

50 conductor (44) and roof panel (1 1). 

2. An antenna system for a motor vehide (10) as 
daimed in daim 1 wherein the low impedance cou- 
pling comprises a conductive strip (61 ). 

55 

3. An antenna system for a vehicle (1 0) as claimed in 
claim 2 wherein the conductive strip (61) is capad- 
tively coupled to the roof panel (1 1 ). 
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4. An antenna system for a vehicle (10) as claimed In 
claim 2 wherein the conductive strip (61) includes a 
portion (61 A) between the grounding conductor 
(44) and the closest point of low impedance cou- 
pling to the roof panel (11). said portion (61 A) hav- 5 
ing length no greater than substantially one-eighth 

of the wavelength of a desired signal frequency. 

5. An antenna system for a vehicle (10) as claimed in 
claim 2 wherein the conductive strip (61) includes a 10 
portion (61 A) between the grounding conductor 
(44) and the closest point of low impedance cou- 
pling to the roof panel (11), said portion having 
width no less than substantially one-eighth of the 
wavelength of a desired signal frequency is 

6- An antenna system for a motor vehicle (10) as 
claimed in claim 4 wherein the portion (61 A) of the 
conductive strip between the grounding conductor 
(44) and the closest point of low impedance cou- 20 
pling with the roof panel (1 1 ) has width no less than 
substantially one-eighth of the wavelength of the 
desired signal frequency. 

7. An antenna system for a motor vehicle (10) as as 
claimed in claim 3 further comprising an adhesive 
layer (69) between the strip (61) and roof panel (1 1) 

in an area of capacitive coupling. 

8. An antenna system for a motor vehicle (10) having 30 
a substantially horizontal roof panel formed from an 
electrically conductive material and a glass panel 
raked dbwh'ahd'awaTfrom'th^rb'ofi^^ 

ing: 

35 

a patch antenna (21) including a grounding 
conductor (44) and having a characteristic 
antenna impedance, said antenna (21) being 
fixed to an inner surface of the glass pane! (18) 
adjacent to the roof panel (11); 40 
a conductive strip (61) having width no less 
than substantially one-eighth of the wavelength 
of a desired signal frequency said conductive 
strp (61) being ohmically coupled to the 
grounding conductor (44) and extending 4S 
beneath the roof panel (11); and, 
an adhesive (69) disposed between the roof 
pane! (11) and conductive strip (61) for adher- 
ing the conductive strip to the roof panel to 
establish a region (61 B) of low impedance so 
capacitive coupling, relative to the antenna 
impedance, between the conductive strip and 
roof panel. 

9. An antenna system as claimed In claim 8 wherein 55 
the conductive strip (61) includes a portion (61 A) 
between the ohmic coupling to the grounding con- 
ductor (44) and the region (61 B) of low impedance 


capacitive coupling, said portion (61 A) having 
length no greater than substantially one-eighth of 
the wavelength of the desired signal frequency 

1 0. A method for modifying the maximum gain vector of 
a patch antenna including a grounding conductor to 
provide an improved gain pattern in the general 
direction over a conductive roof panel of a vehicle, 
the antenna having a characteristic antenna imped- 
ance and adapted for mounting to a glass panel on 
the vehicle which is raked down and away from the 
roof panel, the method comprising the steps: 

mounting the patch antenna (21). to an interior 
surface of the glass panel (18) substarttially 
adjacent to the roof panel (11); and, 
providing a low impedance coupling (61). rela- 
tive to the antenna impedance, of the ground- 
ing conductor (44) to the roof panel (1 1). 

11. A method for modifying the maximum game vector 
of a patch antenna as claimed in claim 10 wherein 
the step of providing a low impedance coupling 
comprises the steps: 

providing a conductive strip (61); 

coupling the conductive strip (61) to the 

grounding conductor (44); and. 

coupling the conductive strip (61) to the roof 

panel (11). 

1 2. A method for modifying the maximum gain vector of 
a patch antenna'as<claimed>in>claim-1»1*wherein the 
low impedance coupling Is substantially capacitive 
and the step of coupling the conductive strip to the 
roof panel comprises the steps: 

providing an adhesive (69) on a side of the strip 
(61) facing the roof panel (1 1); and. 
applying the strip (61) to the roof panel (11) 
such that the adhesive (69) adheres the strip 
(61) to the roof panel (1 1). 
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(54) Vehicle antenna system 


(57) A high-frequency vehicle patch antenna (21) 
such as for GPS or cellular communication systems is 
mounted close to the conductive roof panel (11) on an 
interior surface of the vehicle windshield (18) or back- 
glass. Low impedance coupling (61) to the roof panel 
(11) is employed to alter the focus and gain characteris- 
tics of the antenna (21) such that maximum antenna 
gain is more closely aligned to zenith, and gain improve- 
ments in the general direction over the roof panel (11) 
and improved omni -directionality result. 
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